Abstract. For the multi-scale Retinex algorithm (MSR), the image contrast and image information is not ideal enough. In this paper, we propose an algorithm of image haze removal based on the fusion of dark prior and Retinex theory. Firstly, the algorithm of dark primary color is used to restore the haze image. Then, the multi-scale Retinex algorithm is applied to enhance the haze. Finally, the average value of brightness, standard deviation, entropy, mean square error, and peak signal-to-noise ratio were used as evaluation criteria for image enhancement. The simulation results of Matlab software show that the smog image processed by this algorithm has increased image contrast and more image information. We conduct experiments to prove that the proposed algorithm can provide a better representation.
Introduction
Fog is one of the most common natural phenomena [1] [2] . Even in sunny weather, due to the presence of water molecules in the air, when you observe distant scenery, you will feel a thin layer of fog. The existence of haze is due to the presence of a large amount of smoke and dust in the air, so that the turbidity of the air is increased. In recent years, with the rapid development of our country, the occurrence of ash weather has greatly increased. The presence of fog and haze results in a decrease in atmospheric visibility, and the contrast of the captured image of the optical imaging device is degraded and even blurred, making it difficult to obtain image feature information. In addition, haze image enhancement is to enhance useful information in images, and remove redundant information in images, and enhance the image contrast by image enhancement, which is more prominent and more consistent with people's visual characteristics. Image enhancement is not to add some information on the basis of original information, but to highlight important information in the image for making it easier to be identified. Therefore, it is of great significance to enhance the research of image captured in haze [3] .
The project is mainly about image enhancement algorithm based on Retinex theory [4] . Through the study of several algorithms in Retinex, the best algorithm is obtained through analysis and comparison. By analyzing the formation of haze, the reflection of light, the atmospheric attenuation model and the atmospheric optical model, the final haze image degradation model is proposed, and then the theory of Retinex is expounded. The advantages and disadvantages of each algorithm are compared. For multi-scale Retinex algorithm (MSR) [5] , image contrast and image information are not ideal enough. This paper proposes an algorithm of image haze removal based on the fusion of dark prior and Retinex theory. This paper analyzes the multi-scale Retinex algorithm based on subband decomposition, which uses mixed gray level transformation function instead of the traditional Retinex algorithm of gray level transformation function and makes the dark and the highlight enhanced, it also avoids the image highlights part and normal part light supersaturated image color enhancement phenomena in image enhancement. We utilize the subband decomposition characteristics to keep the independence of each frequency band. Matlab software simulation results show that using the algorithm of fog image enhancement to increase image visual effects and contrast greatly. Enhancement of image brightness is moderate and degree of image distortion is small. The improved algorithm of mist image processing effect is better than that of heavy fog image processing effect.
The rest of this paper is organized as follows. Section 2 reviews the relevant knowledge. Section 3 presents the experimental results. Finally, the conclusions are drawn in section 4.
The Relevant Knowledge
Local Retinex algorithm theory main content is that a pair of images can be divided into light and reflection. The advantage is better able to get rid of lighting part of the image, so as to get the details of the image is reflected in an image in a haze of the two methods. The advantage of this approach is to minimize the amount of computation in the local algorithm, because it is a complex algorithm, and now it is only necessary to do a very simple addition and subtraction. Local Retinex algorithms are classified into three categories, including single scale Retinex algorithm, multi-scale Retinex algorithm and multi-scale Retinex algorithm with color restoration.
SSR Single Scale
The single-scale Retinex algorithm is an improvement and implementation of the center -around the Retinex algorithm. It use ƒ(x, y) function (usually low-pass filter function) convolve with the original image. Thereby filter the reflection part of the image from the original image, leave the irradiation part.
The principle of this algorithm is that the original image S(x, y) = R(x, y) * L (x, y), which R(x, y) represents the reflected image and L (x, y) represents the incident. I'm going to illustrate this with a picture. As shown in the following figure 1: The incident light shines on the reflector, and after reflection, a reflected light enters the human eye, forming an image. In the process, R(x, y) represents the reflection property of the reflector that the intrinsic property of image, that we should keep it to the maximum extent. However, L(x, y) represents the incident light image, which determines the dynamic range that the image pixel can achieve, which we should try to remove it.
In general, we assume that the irradiation image is an image of space smoothness. For the above formula, we can take the logarithm of both sides, then we will get the results that logS x, y logR x, y log L x, y (1) Then we can reason logR x, y logS x, y log F x, y ⊙ S x, y (2) F(x, y) represents the central surround function, namely F x, y λe (3) Symbol ⊙ is on behalf of a convolution operation, and logR x, y is the output image which can considered as R(x, y).Then, the sigma in the center wrap function must satisfy ∬ F x, y dxdy 1, c is a Gaussian round scale. 
MSR Multi-scale
The multi-scale Retinex algorithm is a superposition of the weights of the single-scale Retinex algorithm on multiple scales. The MSR algorithm which divides the color into channels has emerged for the problem that SSR is not suitable for processing color images. It is based on the development of SSR, and has the advantage of maintaining high fidelity of the image and compressing the dynamic range of the image. It can also achieve color enhancement, color constancy, local and global dynamic range compression, and defogging.
The basic formula for MSR is as follows:
According to this formula, we can know that when k=1, MSR degenerates to SSR, and K is the number of Gaussian center surround functions.
In general, when using this algorithm to estimate the light image, it is assumed that the initial light image is smooth. But the actual situation is not the case, at the edge of the area where the brightness is very different, the image light changes and does not change slowly. So in this case, the Retinex enhancement algorithm will produce halo problems in the enhanced image of regions with large differences in brightness.
MSRCR Multi-scale Retinal Enhancement with Color Recovery
Because of the color of image with enhancement of multi-scale Retinex algorithm has some distortion, it does not meet the people's visual characteristics. In order to improve this defect, multi-scale Retinex algorithm with color restoration is produced, its principle is based on multi-scale Retinex algorithm. On this basis, it adds the color recovery parameters C that can improve color. We can first enhance the multi-scale Retinex algorithm on the haze image. The improved algorithm is as follows:
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, • , (8) According to the above formula 5, we can see that this algorithm is based on the MSR algorithm with color restoration factor C. Where Ci in formula 5 represents the proportion of the color factor in the i-th color channel, and the ƒ() function in formula 6 represents the mapping function of the color space. In the formula 7, α represents the controlled nonlinear intensity, and β represents the gain constant. The final formula 8, G represents the gain, and O represents the deviation Offset. With C in the algorithm, we can adjust the proportion of the three color channels to achieve a clearer image in the relatively dark area, to make up for the MSR algorithm to make the image color distortion. For this reason, through the MSRCR, there is a formula 8 whose role is to modify the pixel from the logarithm domain r(x, y) to the real-valued domain R(x, y).
Experimental Results and Analysis
The three pictures are picture of our school in hazy weather. The original image is processed by the SSR single-scale algorithm. We find that the brightness of the picture color is a bit low. The original image was processed by MSR multi-scale. We find that the local detail color distortion of the image. The original image undergoes MSRCR multi-scale processing with color recovery. We find that the image has a partial halo. 
Conclusion
Besides, we also found on the way to the debugging of the MSRCR algorithm that the technology is prone to halo at the edge where the light changes violently. At the same time, we found that the algorithm needs to calculate a large amount of data, so these defects will be one of the contents we will study later.
